B etween 5% and 30% of patients who suffer an acute episode of infectious gastroenteritis develop chronic gastrointestinal symptoms despite clearance of the inciting pathogen. [1] [2] [3] [4] [5] [6] [7] [8] This common clinical phenomenon of postinfectious irritable bowel syndrome (PI-IBS) was first described more than 5 decades ago. 9 However, its pathogenesis remains poorly understood and no specific therapy has been identified.
For the most part, previous studies of the epidemiology of PI-IBS have assessed relatively small population cohorts with limited power to define risks and factors that modify the effect. [1] [2] [3] [4] [5] [6] [7] [8] To access larger populations, researchers have relied on large databases with inherent limitations. 10 Furthermore, only a few studies have assessed the long-term natural history of PI-IBS. 11 Walkerton is a small rural town in Ontario, Canada. In May 2000, heavy rainfall washed livestock fecal residue from nearby farms into inadequately chlorinated drinking water supplied from a shallow well. 12 Contamination of the regional water supply with Escherichia coli 0157:H7, Campylobacter jejuni, and other pathogens led to a large outbreak of acute bacterial gastroenteritis that affected at least 2300 local residents, with 27 recognized cases of the hemolytic uremic syndrome and 7 deaths. 12, 13 Since then, many residents have described continued abdominal discomfort and altered bowel habit. A large cohort study was undertaken in this population to define the nature and epidemiology of PI-IBS.
Materials and Methods
The Walkerton Health Study (WHS) was initiated 2 years after the outbreak to study the epidemiology and longterm health outcomes of the municipal water contamination that occurred in May 2000, and to facilitate local residents' access to specialty clinical care. Some details of its methodology have been reported elsewhere. 14 -16 The WHS is directed by a multidisciplinary team of investigators and receives unrestricted funding from the Ontario provincial Ministry of Health and Long-Term Care. Soon after its inception, the WHS established a special multidisciplinary ambulatory clinic at the local Walkerton Hospital to conduct annual structured assessments of all affected and unaffected residents of Walkerton and its surrounding areas. Annual reassessment is planned to continue until 2009.
At study entry, all WHS participants underwent a standardized interview that included a 20-minute structured survey questionnaire. The questionnaire addressed several domains including: (1) demographics, (2) municipal water exposure, (3) prior medical history, (4) details of any acute illness experienced during the outbreak, (5) current gastrointestinal symptoms, and (6) medical history since the outbreak.
All WHS participants also were asked for written consent to link WHS data with ancillary health records, largely to verify self-reported information about premorbid health and acute illness during the outbreak. These records included the following: (1) individual responses to a survey of 899 Walkerton residents conducted by the local Bruce-Gray-Owen Sound Health Unit once the outbreak was recognized, (2) regional hospital laboratory data, (3) pharmacy records, (4) family physician charts, and (5) Walkerton Hospital medical records. All such data were abstracted by trained research assistants using standardized forms.
WHS participants who fulfilled the following eligibility criteria were eligible for the study cohort: (1) at least 16 years of age at the time of the outbreak, (2) no diagnosis of IBS or inflammatory bowel disease before the outbreak, and (3) permanent residency in Walkerton (as identified by postal code) at the time of the outbreak.
We divided all participants into 3 groups to characterize acute gastroenteritis experienced at the time of the outbreak: (1) those who reported no acute illness during the outbreak (controls), (2) those who reported an acute illness that could not be substantiated by prior health records (self-reported gastroenteritis), and (3) those with symptoms whose illness was substantiated by review of health records (clinically suspected gastroenteritis). Gastroenteritis was substantiated by any of the following: (1) documented health care contact for acute gastrointestinal symptoms during the outbreak, (2) bloody diarrhea in May 2000 reported in health records or in responses to the Bruce-Gray-Owen Sound Health Unit survey, (3) diarrhea lasting at least 3 days with more than 3 stools per day reported on the Bruce-Gray-Owen Sound Health Unit survey, or (4) a documented positive stool culture. In a previous analysis, the ability to confirm gastroenteritis was found to correlate with severity of the acute illness, and with preliminary measures of chronic health outcome. 16 A modified version of Talley's Bowel Disease Questionnaire 17 was administered to all subjects at least 16 years of age and residents of Walkerton in May 2000. Rome I diagnostic criteria were applied to these responses to identify participants with IBS. 18 The prevalence of IBS was estimated in each cohort stratum as a proportion with a 95% confidence interval. The association between acute gastroenteritis (clinically suspected and/or selfreported) and a diagnosis of IBS was tested using 2 analysis adjusted for multiple comparisons using Bonferroni correction. Relative risks were calculated using controls as the referent group.
Among subjects who experienced acute gastroenteritis, risk factors for developing IBS were tested using univariate and multivariate logistic regression. Risk factors considered in this analysis included age, sex, exposure status, specific features of illness during outbreak, self-reported premorbid anxiety or depression, antibiotic use, and direct contact with livestock. A similar approach was used previously to test associations between acute gastroenteritis and long-term renal dysfunction in the same population. 14 All analyses were conducted using SPSS software (version 13.0; SPSS Inc., Chicago, IL).
The study protocol received full approval from both the Hamilton Health Sciences/McMaster University Research Ethics Board (Hamilton, Ontario) and the University of Western Ontario's Office of Research Ethics (London, Ontario).
Results
The WHS enrolled a total of 4315 subjects; 3959 entered 2 years after the outbreak and 356 entered 3 years after the outbreak. A previous analysis of participation bias in this cohort confirmed that the demographics of the study sample were similar to the affected population, and that potential participation biases (also called response bias or selection bias) would not lead to overestimates of risk between acute bacterial gastroenteritis and long-term health sequelae. 15 Of the 4315 WHS participants, 2246 (52.1%) were excluded from the study cohort at risk of IBS. Specifically, 1268 were not permanent residents of the Walkerton postal code during the outbreak, 1180 were younger than 16 years of age at the time of the outbreak, and 247 reported a prior diagnosis of IBS or inflammatory bowel disease.
Among the 2069 eligible study cohort participants, 921 (44.5%) were male and the mean age was 46.6 years ( Table 1 ). All but 6 participants reported having consumed Walkerton tap water before the outbreak. A total of 464 participants (22.4%) fulfilled criteria for clinically suspected gastroenteritis, 904 (43.7%) had self-reported gastroenteritis, and 701 (33.9%) were classified as controls.
Because of constraints on local resources during the initial outbreak, only a minority of local residents were encouraged to submit stool specimens for culture. Among the 2069 eligible study cohort participants, 35 had documented stool cultures positive for Campylobacter species, 21 had cultures positive for E coli 0157:H7, and 3 had cultures positive for both (Table 1) .
Overall, 488 subjects (23.6%) met Rome I criteria for IBS at their first WHS visit in 2002 or 2003. This included 71 of 701 controls (10.1%) vs 249 of 904 subjects with self-reported gastroenteritis (27.5%; P Ͻ .001 vs controls) and 168 of 464 subjects with clinically suspected gastroenteritis (36.2%; P Ͻ .001 vs controls and vs self-reported gastroenteritis). The odds ratio for developing IBS with clinically suspected gastroenteritis vs controls was 4.8 (95% confidence interval, 3.4 -6.8) (Figure 1) .
Among participants who developed acute gastroenteritis during the outbreak, risk factors for subsequent IBS were assessed by multiple logistic regression analysis. Independent predictors of IBS included younger age, female sex, and 4 features of the acute enteric illness: duration of diarrhea (significant if Ͼ7 days), presence of blood in the stools, abdominal cramps, and weight loss of at least 10 pounds (Table 2) .
Individual Bowel Disease Questionnaire responses were compared among IBS subjects with and without a history of acute gastroenteritis (either self-reported or clinically suspected). Those who had IBS after gastroenteritis (PI-IBS) were more likely than those with IBS but no gastroenteritis (sporadic IBS) to report increased stool frequency (72.2% vs 60.6%, P ϭ .047) and looser bowel movements (88.5% vs 77.5%, P ϭ .011) with the onset of abdominal discomfort. Those with PI-IBS were also more likely than those with sporadic IBS to report increases in stool frequency (50.8% vs 36.6%, P ϭ .027), watery stools (60.7% vs 39.4%, P Ͻ 001), or urgency (81.5% vs 64.8%, P Ͻ .001) at least 25% of the time.
Overall, these observations suggest that PI-IBS is more likely than sporadic IBS to express a diarrhea-predominant phenotype.
Discussion
The results of this study confirm a strong and highly significant association between acute bacterial dysentery and subsequent IBS symptoms. After an interval of at least 2 years, the relative risk of developing IBS among Walkerton residents who experienced bacterial gastroenteritis from water contamination was increased more than 3-fold (odds ratio, 4.8; 95% confidence interval, 3.4 -6.8), with an absolute increase of 26.1%. Younger age, female sex, and several characteristics of the acute enteric illness were identified as independent predictors of IBS. This study has a number of methodologic advantages over previous reports, most notably its access to a large, well-defined, at-risk cohort with a simultaneous and well-characterized acute enteric illness.
Follow-up evaluations of other smaller cohorts with bacterial gastroenteritis have estimated that 5%-32% of patients go on to develop PI-IBS. [1] [2] [3] [4] [5] [6] Indeed, a British primary care database study identified acute bacterial gastroenteritis as the strongest risk factor identified to date for the development of IBS (adjusted relative risk, 11.9). 10 Risk factors for PI-IBS identified previously have included female sex, psychologic profile, and the severity of the acute illness. 2, 3 Microbial virulence factors also have been described. 6, 19 Because our study began data collection 2 years after the outbreak we could not generate premorbid psychologic profiles of our participants. However, results of our multiple logistic regression analysis are otherwise consistent with these reports.
Participation of Walkerton residents in the study cohort was voluntary, in response to an intense local media campaign. We enrolled 3047 residents of the geographic area defined by the Walkerton postal code, including 2756 residents of the Walkerton town (55% of its estimated population). 15 We restricted our study cohort to Walkerton residents to better assess participation bias. We compared our study cohort with the local population using local census data and public health records to assess sample representativeness. 15 Briefly, the age and sex distribution of WHS participants was found to be similar to that of the local population apart from a slight overrepresentation of women (55% of sample vs 52% of population) and a slight underrepresentation of young adults and the very elderly. Furthermore, participants who joined in the second year of the study were similar to those enrolled in its first year, but were less likely to have been unwell during the outbreak. Although participation bias cannot be excluded, this analysis concluded that the study sample was sufficiently representative of the target population to generate relatively unbiased estimates of disease association.
For various reasons, including constraints placed on local resources by the magnitude of the outbreak and delays in funding and establishing the research clinic, subjects were not enrolled until 2 years after the outbreak. Accordingly, recall of premorbid illness and details of any acute illness experienced during the outbreak could have been compromised. Accordingly, we sought to confirm many of these data by linking WHS responses to local health records and to responses to questionnaires administered by local health authorities during the outbreak. It is of interest that the observed relationship between acute gastroenteritis and IBS was strongest among subjects whose acute illness was substantiated by at least one other source. In part, this gradient could reflect inaccurate recall of acute symptoms in those with unconfirmed illness. However, it is more likely that subjects with more severe acute illness were more likely to seek health care and/or submit stool specimens for culture. Accordingly, confirmation of illness is, in part, a marker of illness severity. The prevalence of IBS in our participants with clinically suspected gastroenteritis is among the highest ever reported. Despite the size of the study cohort, all participants were assessed for diagnoses of IBS by direct interview using a standardized questionnaire. We excluded subjects with premorbid IBS from the study cohort subjects by asking about prior clinical diagnoses. It would have been preferable, but infeasible, to have administered our standardized questionnaire to subjects before the outbreak. Accordingly, we recognize that some of the subjects we diagnosed with IBS with onset after acute gastroenteritis may have had IBS before the outbreak.
PI-IBS is the only functional disorder whose onset is predictable and associated with a clear trigger. Hence, by defining clinical and genetic risk factors for PI-IBS and a better understanding of its natural history, one could select high-risk individuals for intervention to abort or attenuate its course. Although the pathogenesis of PI-IBS remains uncertain, animal models and human observation suggest that subclinical inflammation and altered intestinal permeability are important. 20 -23 A clinical trial of oral prednisolone to prevent PI-IBS was disappointingly negative. 24 However, the concept of antiinflammatory therapy soon after inoculation remains promising.
In summary, results of this study confirm a strong and significant relationship between acute enteric infection and subsequent IBS symptoms. Long-term follow-up evaluation of this cohort is underway to clarify the natural history and sequelae of PI-IBS in this population.
